A series of novel 6-(pyrazolylmethyl)-4-oxo-4H-quinoline-3-carboxylic acid derivatives bearing different substituents on the N-position of quinoline ring were designed and synthesized as potential HIV-1 integrase (IN) inhibitors, based on the structurally related GS-9137 scaffold. The structures of all new compounds were confirmed by 1 H-NMR, 13 C-NMR and ESI (or HRMS) spectra. Detailed synthetic protocols and the anti-IN activity studies are also presented.
Introduction
Human immunodeficiency virus type 1 (HIV-1) encodes three enzymes reverse transcriptase, protease, and integrase which have been identified as key targets to arrest the HIV life cycle. To date, most of the currently used oral drugs for the treatment of HIV infection inhibit the first two of these enzymes. Unfortunately, the infection has been difficult to cure because of drug resistance and immune response [1] . The viral enzyme integrase (IN), which is essential for interrupting the viral replication cycle and has no counterpart in mammalian cells, is a crucial target for the development of new HIV-1 inhibitors with high selectivity and low toxicity [2, 3] . As a kind of HIV-1 inhibitors, quinolone derivatives have great attractive to researcher because of their small extremely versatile molecules, OPEN ACCESS easily synthesized at low cost on a large scale and endowed with well-known biochemical properties [4, 5] . Researchers at Japan Tobacco reported the quinoline-3-carboxylic acid GS-9137 (elvitegravir, Figure 1 ), which has finished phase III trials [6] . Gilead submitted a marketing application to the U.S. FDA for elvitegravir on Jun 27, 2012. Quinoline-3-carboxylic acid can be used as an alternative scaffold to diketo acids (DKA) in order to obtain a novel class of IN inhibitors through modification of antibiotic quinolones [7] . High interest were generated by this class of inhibitors to study their structure-activity relationships (SAR) [8] [9] [10] [11] . The quinoline-3-carboxylic acid pharmacophore was developed utilizing a training set of compounds including GS-9137 [8] (Figure 2 ). The pharmacophore models of these compounds have four distinct characteristics: a negatively ionizable (NI) feature, an H-bond acceptor (HBA) feature and two hydrophobic aromatic (HRA) features, mapping of the hypothesis onto the GS-9137 shows an excellent agreement between key chemical features of the compound and the pharmacophoric features of the hypotheses [8] . When the methylene at the C-6 position was replaced by ethylene, carbonyl, amide, inverse amide, and amino group, the resulting compounds proved to be completely inactive (IC 50 > 100 µM) or a loss of activity in the strand transfer (ST) assay occurred with hydroxyalkyl chains of variable length at the N-1 position [9] . Even removal of spacer between the two aromatic rings, characterized by a phenyl or a pyridyl group directly linked to C-6, proved to be completely inactive in inhibiting the enzyme integrase, thus displaying the importance of a methylene spacer [9] .
GS-9137
On the basis of the above information as well as on our interest in the development of new potential anti-HIV agents [12] , we decided to explore the effect of chemical structure modification on the quinoline-3-carboxylic acid scaffold by decorating it at the N-1 and C-6 positions, with the aim of gaining further SAR data for anti-IN activity. We prepared the final compounds 11-16 ( Figure 1 ) based on the following considerations: (1) A large number of compounds with important biological and pharmaceutical activities contain pyrazoles as a key substructure [13, 14] and its planar structure may facilitate the π stacking interaction with target enzymes similar to a phenyl ring, so it is very interesting to design novel biologically active compounds by bringing the pyrazole moieties into the quinolone-3-carboxylic acid molecular framework with a view to study their additive effect on anti-IN properties. We considered that the phenyl ring at C-6 could thus be replaced by a bioisosteric pyrazole ring; meanwhile, halogen atoms were introduced at C-4′ on the pyrazole ring with two hydrophobic methyl groups also at the C-3′ and C-5′ positions; (2) Variable substituent groups were introduced at N-1 to study the effects of alkyl and aromatic spacer groups, respectively [7] ; (3) The methoxy group at C-7 was ignored, although this substituent group affects the pharmacokinetic and in vivo activity features, it does not influence in vitro binding ability, which can be seen by comparing the strand transfer inhibition IC 50 values of GS-9137 and its 7-demethoxy derivative (7.2 nM and 8.2 nM, respectively). In this paper, a series of 6-(pyrazolylmethyl)-4-oxo-4H-quinoline-3-carboxylic acid derivatives bearing different substituents on the N-1 position were synthesized and characterized and their anti-IN activities were also screened.
Results and Discussion

Synthesis of 6-(Pyrazolylmethyl)-4-oxo-4H-quinoline-3-carboxylic Acid Derivatives
The syntheses of the designed 6-(pyrazolylmethyl)-4-oxo-4H-quinoline-3-carboxylic acid derivatives 11a-c-16a-c are carried out as shown in Schemes 1 and 2. Compounds 1b-c, 2a-c, 3a-c, 4a-c and 5a-c were prepared according to the corresponding literature procedures [15] [16] [17] [18] [19] . Compounds 5a-c were then alkylated using varied alkyl halides or benzyl bromides to provide derivatives 6a-c-10a-c in moderate yields. After hydrolysis of 5-10 in 10% aq NaOH or HCl, the corresponding 4-oxo-4H-quinoline-3-carboxylic acid derivatives 11a-c-16a-c were obtained in yields ranging from 42% to 81%. H-NMR spectra, one sharp proton signal for the COOH group was observed in the δ 14.68-15.29 range and the chemical shifts of the methylene group protons at C-6 were around 5.50 ppm, two sharp proton signals of the methyl groups at C-3' and C-5' appeared at low field (δ 2.08-2.27). E.g., the proton signals of the COOH group, methylene group at C-6 and the two methyl group at C-5′ and C-3′ of compound 12c were located at 15.15 ppm, 5.51 ppm, 2.27 ppm and 2.19 ppm, respectively. The characterized protons signals at C-2, C-5, C-7 and C-8 of the 4-oxo-4H-quinoline ring were also clearly observed. In the 13 C-NMR spectra of these compounds one C=O peak at about 178 ppm and one around 166 ppm corresponded to the signals of the 3-carboxylic acid and carbonyl groups in the quinoline rings. The corresponding signals of the Cl and Br isotopes in these compounds were also observed in the mass spectra.
HIV Inhibitory Activity
A HIV-1 integrase strand transfer (ST) activity assay was carried out to test the inhibition effectiveness of our compounds as described previously [20] with some minor modifications. Compounds diluted in DMSO were pre-incubated with 800 ng integrase at 37.8 °C in the reaction buffer in the absence of Mn 2+ for 10 min. Subsequently, 1.5 pmol donor DNA and 9 pmol target DNA were added and the reaction was initiated by the addition of 10 mmol/L Mn 2+ into the final reaction volume. The reactions were carried out at 37.8 °C for 1 h and subsequent detection procedure was applied to detect the assay signals. Integrase inhibitor, S-1360, was used as the control compound (positive control), whereas no compound but only DMSO in the reaction mixture was set as the drug-free control (negative control). The inhibition effects of 6-(pyrazolylmethyl)-4-oxo-4H-quinoline-3-carboxylic acids 11-16 were calculated based on the positive and negative controls ( Table 1) .
As shown in Table 1 , the values of IC 50 of these compounds are more than 100 μg/mL, which means they have a low inhibitory activity towards HIV integrase. The low HIV inhibitory activity of these designed 4-oxo-4H-quinolizine-3-carboxylic acid derivatives might be attributed to various cofactors. Structurally, 3′,5′-dimethyl-1H-pyrazolyl moiety maybe shows a reduced hydrophobic interaction ability with integrase comparable to the parent benzenyl moiety. In addition, an appropriate substituent at N-1 position seems also essential to enhance potential anti-IN activity. -c a HIV-1 IN inhibitory activities were measured according to the procedure described [20] . b Inhibition of strand transfer. -c indicates that the HIV-IN inhibitory effect was less than 50% at the initial concentration.
Experimental
General
All melting points (mp) were measured with a XT4A electrothermal apparatus equipped with a microscope and are uncorrected. C-NMR spectra were recorded on an AV 400 M Bruker spectrometer. Chemical shifts were measured in DMSO-d 6 with TMS as internal reference. The MS spectra (ESI) were recorded on a Bruker Esquire 6000 mass spectrometer. HRMS spectra were recorded in the positive ion mode using APEX IV FT-ICRMS of Bruker Daltonics Inc. Purities of target compounds 11a-c, 12a-c, 13a-c, 14a-c, 15a-c, 16a-c were determined by an Agilent 1260 HPLC system equipped with a Agilent Zorbax SB-C18 column (5 μm, 4.4 × 25mm), UV detector at 254 nm, mobile phase CH 3 OH/H 2 O (70%-100% or 80%) and flow rate of 1 mL/min. All solvents were of commercial quality and were dried and purified by standard procedures.
General Procedure for the Synthesis of Ethyl 1-Substitued-6-(pyrazolylmethyl)-4-oxo-4H-quinoline-3-carboxylates 6-10
A mixture of the appropriate quinolone derivative 5 (2 mmol), the appropriate alkyl halide or benzyl bromide (5.6 mmol), and solid K 2 CO 3 (772 mg, 5.6 mmol) in dry DMF (5 mL) was heated under Ar atmosphere at 60 °C for 12 h and then poured into an ice-water mixture, extracted with DCM and purified by flash chromatography on silica gel eluting with DCM/MeOH (40:1-20:1). chloro-3,5-dimethyl-1H-pyrazol-1-yl)methyl)-4-oxo-1,4- Chloro-3,5-dimethyl-1H-pyrazol-1-yl)methyl)-1-(4-nitrobenzyl)-4-oxo-1,4-dihydroquinoline-3 
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General Procedure for the Synthesis of 1-Substitued-6-(pyrazolylmethyl)-4-oxo-4H-quinoline-3-carboxylic Acids 11-16
A suspension of the appropriate ester 5-8 (0.5 mmol) in 10% aq. NaOH (10 mL) was refluxed for 2 h. After cooling at room temperature, the reaction mixture was acidified using conc. HCl. The resulting precipitate was filtered and washed with water and DCM to give the corresponding 4-quinolone-3-carboxylic acids 11-14. Alternatively, a suspension of the appropriate ester 9-10 (0.5 mmol) in 10% aq. HCl (10 mL) was refluxed for 2 h. After cooling at room temperature, the resulting precipitate was filtered and washed with water and DCM to give the corresponding 4-quinolone-3-carboxylic acids 15-16. , H5), 8.84 (s, 1H, H2), 13.36 (s, 1H, -NH-) , 15.20 (s, 1H, -COOH); 13 C-NMR (DMSO-d 6 , δ ppm) 10.4, 12.5, 52.8, 93.8, 108.2, 120.8, 123.6, 124.8, 133.4 5-dimethyl-1H-pyrazol-1-yl)methyl)-4-oxo-1,4-dihydroquinoline-3 bromo-3,5-dimethyl-1H-pyrazol-1-yl) 
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Conclusions
A series of 6-(pyrazolylmethyl)-4-oxo-4H-quinoline-3-carboxylic acid derivatives were synthesized to rationalize the influence on the anti-IN activity of the 4-oxo-4H-quinolizine-3-carboxylic acid scaffold of different substituents at N-1 and replacement of the phenyl group by a pyrazole ring at C-6, which allowed us to highlight new SAR aspects of quinoline IN inhibitors. However, the HIV-1 integrase strand transfer (ST) activity assay results showed no obvious inhibitory activities for compounds 11-16. Therefore, the replacement of the benzene ring at C-6 by another bioisosteric moiety and an appropriate substituent at N-1 position are essential to enhance the structure-activity relationships study for new quinoline derivatives with potential anti-IN activity.
